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Abstract. GS 100-02-41 is a large neutral hydrogen (HI) shell located in the
outer part of the Galaxy, at a distance of 2.8 kpc from the Sun.From the anal-
ysis of the HI data several parameters that characterize thestructure have been
determined. Based on energetic considerations we estimated that GS 100-02-41
could have been originated by the joint action of stellar winds and supernova
explosions of the star members of Cep OB1.
Resumen. GS 100-02-41 es una gran cáscara de hidrógeno neutro (HI) loca-
lizada en la parte externa de la Galaxia, a una distancia de 2.8 kpc del Sol. A
partir del análisis de los datos de HI varios parámetros que caracterizan a la
estructura han sido determinados. En base a consideraciones energéticas, se es-
tima que GS 100-02-41 podría haberse originado por la acciónonjunta de los
vientos estelares y explosiones de supernova de las estrella miembros de Cep
OB1.
1. Introduction
The interstellar medium, when viewed in the 21 cm line emission, s far from being
homogeneous. It presents filaments, bubbles, cavities, loops, worms and shells. The HI
shells are detected as minima surrounded totally or partially of enhanced HI emission.
They were first detected by Heiles (1979).
There are different mechanisms for creating the HI shells. The small ones may
be created by the joint action of stellar winds and supernovaexplosions, but alternative
mechanisms like the infall of high velocity clouds (Tenorio-Tagle 1981) or gamma-ray
burst (Perna & Raymond 2000), have to be considered for the larg r ones. There is
an increasing number of HI structures detected in the Milky Way whose origin may be
related to OB associations through the stellar winds and supernova explosions of their
star members.
On the other hand, the shell’s expansion may be the triggerinagent for the for-
mation of a new generation of stars (Elmegreen 1998).
In this work we have used the Leiden-Argentine-Bonn (LAB) HIsurvey (Kalberla
et al. 2005), which angular and velocity resolution are 34′ and 1.3 kms−1, respectively.
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High angular resolution (1′) HI data were obtained from the Canadian Galactic Plane
Survey (CGPS, Taylor et al. 2003). Radio continuum emissiondata at 2695 MHz were
also used in this study (Reich et al. 1990).
2. GS 100-02-41
To characterize the HI shell we have estimated the ellipse that provides the best fit. In
this way we obtained the central galactic longitude and latitude (l0, b0), the length of
both the semi-major (a) and semi-minor (b) axes of the ellipse, and the inclination an-
gle (θ, positive towards the north galactic pole) between the major axes and the galactic
longitude axis. In Fig. 1 (left panel) the HI emission distribution averaged in the ve-
locity range where the large shell is better defined is shown.Assuming a symmetric
expansion for the shell, the expansion velocity is estimated s half of the total velocity
range (Ve = 0.5 ∆V ) where the shell is observed, where∆V is the velocity interval
over which the structure is detected. The systemic velocity(V0) of the shell is defined
as the velocity where the shell is best defined and can be translated to a kinematical
distance of 2.8± 0.6 kpc using the observed velocity field given by Brand & Blitz
(1993).
The HI mass in the shell was estimated using the procedure describ d by Pineault
(1998),MHI(M⊙) = 1.3×10−3 d2 ∆V ∆TB Ω, whered is the distance in kpc,Ω is the
solid angle subtended by the structure in square arc-min,∆V in kms−1, and∆TB (K) is
the mean brightness temperature defined as∆TB =| Tsh −Tbg |, whereTsh refers to the
mean brightness temperature of the HI shell, andTbg corresponds to the temperature
of the contour level defining the outer border of the HI shell.The latter represents the
temperature of the surrounding galactic HI emission gas. From the estimated values
of MHI, the total atomic mass is obtained asMt(M⊙) = 1.34 MHI, adopting solar
abundances. We have also estimated the kinetic energy of theshell, which is given by
Ek = 0.5 Mt V
2
e . All the estimated parameters are given in Table 1.
Figure 1 (right panel) shows the 2695 MHz radio continuum emission towards
the region where GS 100-02-41 is observed. There is no large scal radio continuum
counterpart of the HI shell. The strong source observed at (l, b) ≃ (102.◦8, –0.◦7) is
the HII region Sh2-132, studied by (Vasquez et al. 2010). Towards the southern area of
Sh2-132 a ring nebula related to the Wolf-Rayet star WR 152 isalso observed (Cappa et
al. 2010). Three radio continuum sources are seen projectedonto the borders of the HI
shell, which we labelled G98, G100, and G103. From their spectral index estimates we
infer that they are thermal in nature. On the other hand, an inspection of the CGPS HI
data reveals the presence of HI minima having a good morphological correlation with
the HII regions at velocity ranges compatible with the velocity spanning by GS 100-
02-41. This leads to the conclusion that G98, G100, and G103 are located at the same
distance than GS 100-02-41.
2.1. Shell’s origin
From theGalactic OB Associations in the Northern Milky Way Galaxy(Garmany &
Stencel 1992) we found that several stars belonging to Cep OB1 are projected inside
GS 100-02-41, they are indicated by cross symbols in Fig. 1 (left panel). The distance
estimated by Garmany & Stencel (1992) for Cep OB1 is 2.75 Kpc,in agreement with
the kinematical distance estimated for GS 100-02-41. To analyze whether the stars
belonging to Cep OB1 may be the responsible of creating the shell, we have estimated






Figure 1. Left panel:LAB HI emission averaged in the velocity rage from−46.3
to −34.0 kms−1. Contour levels are from 10 to 90 in steps of 10 K. The cross sym-
bols indicate the location of the members of Cep OB1 lying inside the ellipse.Right
panel:2695 MHz emission distribution in the region of GS 100-02-41. Contour lev-
els are at 65, 250 and 400 mK. The ellipse that best fit the HI shell i shown in both
panels.
Parameter Value
Distance (kpc) 2.8± 0.6




a (pc) 125± 25
b (pc) 83± 17
V0 (kms−1) –41± 2
Ve (kms−1) 11 ± 2
Mt (M⊙) (1.5± 0.7)×105
Ek (erg) (1.8 ± 0.8) × 1050
Table 1. Main parameters of GS 100-02-41.
the total wind energy released by the stars of Cep OB1 lying inside the shell during
their main sequence phase,Ew = 0.5 Ṁ V 2w t(MS), whereṀ is the mass loss rate,Vw
the wind velocity andt(MS) is the time spent in the main sequence phase. We obtained
Ew ∼ 29.7 × 10
50 erg.
According to theoretical models, only 20 % of the wind energyis converted to
mechanical energy of the shell (Weaver et al. 1977). Therefore, r creating GS 100-
02-41, a total wind energy greater than 9×1050 erg would be required. However,
observed HI shells show that the conversion efficiency is only about 2-5 % (Cappa et
al. 2003). The estimated value ofEw is enough to create GS 100-02-41 if the energy
conversion efficiency were∼ 6 %.
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3. Conclusions
GS 100-02-41 is a large HI shell of about 200 pc in size located2.8± 0.6 kpc from
the Sun. The mass of the shell is (1.5 ± 0.7) × 105 M⊙. The shell is expanding at a
velocity of 11± 2 kms−1 and its kinetic energy is (1.8 ± 0.8) × 1050 erg.
From the 2695 MHz radio continuum image we found three extended sources,
labelled G98, G100, and G103 projected onto the borders of GS100-02-41. From their
spectral indexes we inferred that they are HII regions. Fromthe analysis of the CGPS
HI data we inferred that G98, G100, and G103 are located at thesame distance than
GS 100-02-41. This fact together with their relative location, lead us to the conclusion
that G98, G100, and G103 may have been created as a consequencof the action of a
strong shock produced by the expansion of GS 100-02-41 into the surrounding gas.
Several massive stars members of Cep OB1 are projected inside the large shell.
The distance to the OB association is compatible with the kinmatical distance of the
HI shell. An energetic analysis suggests that the wind energy provided during the main
sequence phase of the stars could explain the origin of the shell. However, taking into
account the SN rate in OB associations, the energy contribution of a SN explosion as
well as of its massive progenitor can not be discarded.
The full version of this paper has been accepted for publication in A&A.
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